Metal-organic frameworks (MOFs) are typically built by assembly of metal centres and organic linkers, and have emerged as promising crystalline materials in a variety of fields. However, the stability of MOFs is a key limitation for their practical applications. Herein, we report a novel Sr 2+ -MOF [Sr 4 (Tdada) 2 (H 2 O) 3 (DMF) 2 ] (denoted as NKU-105, NKU = Nankai University; H 4 Tdada = 5,5'-((thiophene-2,5-dicarbonyl)bis(azanediyl))diisophthalic acid; DMF = N, N-dimethylformamide) featuring an open square channel of about 6 Å along the c-axis. Notably, NKU-105 exhibits much outstanding chemical stability against common organic solvents, boiling water, acids and bases, relative to most MOF materials. Furthermore, NKU-105 is an environment-friendly luminescent material with a bright cyan emission.
This article is part of the themed issue 'Coordination polymers and metal-organic frameworks: materials by design'.
Introduction
Metal-organic frameworks (MOFs), typically built through the assembling of metal centres and organic linkers, have emerged as promising crystalline materials in various areas owing to their versatile properties [1] [2] [3] [4] [5] . However, the unsatisfactory stability of MOFs, particularly poor water tolerance, limits their practical applications in many fields, such as proton conduction, aqueousphase catalysis, ethanol-water separation, drug delivery in organisms and water desalination. Meanwhile, many MOFs with low thermal stability are also hindered in gas adsorption and separation [6, 7] . This situation inspires scientists to explore novel MOFs with exceptional thermal and chemical stability [8] [9] [10] , which however still remains a great challenge [11] [12] [13] .
In comparison with transition metal ions, alkaline earth metal ions such as Ca, Sr and Ba have relatively larger radius and greater electronegativity, and furthermore are non-toxic and abundant in the earth's crust [14, 15] , which provide valuable resources for the construction of various MOFs with rich structural topologies, high stability and unique properties [16] . It has been established in the literature that MOFs based on alkaline earth metal ions and carboxylic groups generally exhibit excellent thermal and chemical stability, which may be rationally interpreted in two ways: (i) the ionic nature and high charge density of alkaline earth metal ions make the M-O bonding interaction very strong [17] and (ii) the alkaline earth metal ions possess large ionic sizes, which allows for high coordination number ranging from six to 10 and therefore relative high stability. In a word, the intrinsic features of these metal ions contribute greatly to the improved thermal and chemical stability of resultant MOFs, which has attracted increasing attention recently [18] .
Based on the above considerations, we focused on synthesizing MOFs based on alkaline earth metal ions. In this work, a novel three-dimensional Sr-MOF [Sr 4 (Tdada) 2 
(denoted as NKU-105, NKU = Nankai University; H 4 Tdada = 5,5'-((thiophene-2,5-dicarbonyl)bis (azanediyl))diisophthalic acid; DMF = N,N-dimethylformamide) was successfully synthesized with exceptional high chemical stability against common organic solvents, boiling water, acidic and basic environment as expected. In addition, NKU-105 is an environment-friendly luminescent material with a fluorescence emission of bright cyan light.
Experimental section (a) Materials and instruments
The organic linker H 4 Tdada (5, 5'-((thiophene-2,5-dicarbonyl)bis(azanediyl))diisophthalic acid) (scheme 1) was synthesized according to the literature [19] . Other chemicals were purchased from commercial sources and used without further purification. Infrared spectra (IR) were recorded in the solid state, using KBr pellets method on a Perkin-Elmer PARAGON 1000 FT-IR spectrometer in the 4000-400 cm -1 range. Powder X-ray diffraction spectra were recorded on a Rigaku/MiniFlex600 diffractometer at 40 kV, 600 W and 15 mA for a Cu-target tube and a graphite monochromator. Thermogravimetric analyses (TGA) were carried out on a Rigaku standard TG analyser under air with a heating rate of 10°C min −1 , using an empty Al 2 O 3 crucible as reference. CO 2 and CH 4 adsorption isotherms of NKU-105 were measured at 273 K using an ASAP 2020M gas adsorption analyser. Before measurements, the samples were soaked in ethanol for 5 days, and then filtrated and activated under high vacuum (less than 10 −5 T) at 50°C. About 200 mg activated sample was used for gas sorption measurements.
(b) Synthesis of [Sr 4 (Tdada) 2 
(c) Crystallographic determination
Single-crystal X-ray diffraction data for NKU-105 were collected on an SCX-mini diffractometer at 293(2) K with Mo-Kα radiation (λ = 0.71075 Å). The structures were solved by direct methods using the SHELXS program of the SHELXTL package and refined with SHELXL [20] . The disordered solvent molecules in NKU-105 are removed by SQUEEZE as implemented in PLATON [21] , and the results were appended in the CIF files. earth metal is oxophile, and the bond with carboxylate oxygen atoms is ionic in nature [23] .
(iii) H 4 Tdada possesses a flexible backbone that can rotate around the amide group, and therefore is a good linker to construct highly stable MOFs owing to the inherent flexibility [24] . Herein, a three-dimensional Sr-MOF (NKU-105) was synthesized through a reaction between Sr 2+ and H 4 Tdada under hydrothermal conditions. Crystal structure analysis reveals that NKU-105 crystallizes in a triclinic system with the space group P-1 ( a Symmetry transformations used to generate equivalent atoms:
further connected with the neighbouring four arcs (figure 2a) to generate a two-dimensional layer within the ab plane (figure 2b). The two-dimensional inorganic planes are pillared by the Tdada 4− ligand to produce a three-dimensional framework (figure 2c). For the Tdada 4− ligand, two kinds of coordination modes were observed. The Tdada 4− -1 bridges 10 Sr 2+ , with two carboxylic groups in tridentate (μ 3 -η 2 : η 2 ) and other two in bidentate (μ 2 -η 2 : η 1 ) coordination fashions (electronic supplementary material, figure S1 ). The Tdada 4− -2 bridges nine Sr 2+ ions, with three carboxylic groups in bidentate (μ 2 -η 2 : η 1 ) fashions and the other one in tridentate (μ 3 -η 2 : η 2 ) mode (electronic supplementary material, figure S2 ). The Tdada 4− -1 and Tdada 4− -2 stack in an ABBA fashion through π-π interactions between adjacent phenyl groups (figure 6). Close examination further reveals that there is one kind of open square channel of about 6 Å diameter, extending along the c-axis. The CO 2 and CH 4 adsorption experiments were performed for NKU-105 (electronic supplementary material, figure S3 ).
(b) Analyses of the thermal stability and chemical stability
The chemical stability of MOFs is usually evaluated by their resistance to moisture/water, solvents, acid and base [26, 27] , which is essential for their application in many fields. Here, the chemical stability of NKU-105 was tested by suspending samples in boiling N,Ndimethylformamide, methanol, acetonitrile, dichloromethane or water for 24 h. The powder X-ray diffraction (PXRD) indicated that the three-dimensional crystal framework of NKU-105 can survive through these tests without collapse ( figure 3 ). The differences between the experimental PXRD and the simulated one in diffraction intensities may be attributed mainly to the preferred orientation of the lattice face of the powder sample, and the slight peak shifts in the low-angle region of PXRD may be the result of the solvent effect [28, 29] . In particular, NKU-105 is also tested for their resistance to acid and base by sinking them into aqueous solution with pH values ranging from 2 to 13 for 24 h. The stability of the MOFs depends greatly on the stability of the inorganic units as well as the strength of the chemical bonding [31] . In accordance with this viewpoint, the high chemical stability of NKU-105 can be ascribed to the following factors: first, the strong ionic bond between Sr 2+ and carboxylate groups is one of the vital factors contributing to the high chemical stability [32, 33] . Second, all of the Sr 2+ ions in NKU-105 adopt high coordination modes and exhibit relative symmetric dodecahedral geometry. Meantime, all carboxylate groups of Tdada 4− adopt chelate modes and coordinate to as many Sr 2+ as possible. As a result, the polyhedron edges are formed by multibridging of at least two carboxylate groups to form a stable inorganic brick structure. Third, the homogeneous and dense assembly structure is also a positive contribution to its stability. In NKU-105, all Tdada 4− stack densely through strong π···π stacking interactions between aromatic rings (figure 6) [34] . Finally, the open channel in NKU-105 is decorated densely with coordinated water and N,N-dimethylformamide molecules, the sulfur atoms of thiophene and the oxygen atoms of amide (figure 7), which provides a substantially hydrophilic environment for trapping water molecules and polar organic solvents, and thus effectively prevent them from attacking inorganic bricks [35] .
TGA was carried out (figure 8) to evaluate the thermal stability of NKU-105. The preliminary weight loss in the temperature range of 50−200°C may be attributed to the escape of coordinated water and coordinated N,N-dimethylformamide molecules. Further raising the temperature above 200°C will bring about gradual weight loss that represents the decomposition of the framework. This indicates that NKU-105 is stable up to 200°C or so.
(c) Photoluminescence properties
Complexes constructed by strontium ions and conjugated organic linkers may possess good fluorescence properties [36] . So we investigated the photoluminescence properties of NKU-105. As shown in figure 9 , NKU-105 shows comparatively wider band fluorescence emission spectra with an intense fluorescent emission maximum at =490 nm and two shoulder peaks at 460 nm and 530 nm under an excitation wavelength of 370 nm. In order to clarify the photoluminescence mechanism of NKU-105, the luminescent properties of free H 4 Tdada ligand was also investigated at room temperature under the same experimental conditions. The H 4 Tdada shows luminescence with an emission maximum at 473 nm (λ ex = 383 nm), and thus the shoulder peaks around 460 nm can be assigned to the intraligand fluorescent emission of H 4 Tdada [37] . Sr 2+ -based emission generally shows a sharp peak at about 490 nm. The coordination of metal ions by organic linker usually results in the broadening and redshift of the emission owing to the metal-to-ligand charge transfer mechanism (MLCT) [38] . Therefore, the intense emission at 490 nm and 530 nm may be assigned to the mixing of a metal-based emission of Sr 2+ and MLCT emission between Sr 2+ and delocalized π bonds of H 4 Tdada [37, 38] 
Conclusion
In summary, a Sr 2+ -MOF (NKU-105) was successfully synthesized, featuring outstanding high chemical stability against common organic solvents, water, acids and bases, which was interpreted from the viewpoint of crystal structure. In addition, NKU-105 is an environmentfriendly luminescent material and shows a strong fluorescence emission of a bright cyan light. 
